Intrinsic fluorescence changes and rapid kinetics of the reaction of thrombin with hirudin.
Stopped-flow fluorescence spectroscopy has been used to study the reaction of human alpha-thrombin with recombinant hirudin variant 1 (rhir) at 37 degrees C and an ionic strength of 0.125 M. A 35% enhancement in intrinsic fluorescence accompanied formation of the thrombin-rhir complex. Over one third of this enhancement corresponded to a structural change that could be induced by binding of either the NH2-terminal fragment (residues 1-51) or the COOH-terminal fragment (residues 52-65) of rhir. Three kinetic steps were detected for reaction of thrombin with rhir. At high rhir concentrations (greater than or equal to 3 microM), two intramolecular steps with observed rate constants of 296 +/- 5 s-1 and 50 +/- 1 s-1 were observed. By using the COOH-terminal fragment of rhir as a competitive inhibitor, it was possible to obtain an estimate of 2.9 x 10(8) M-1 s-1 for the effective association rate constant at low rhir concentrations. At higher ionic strengths, this rate constant was lower, which is consistent with the formation of the initial complex involving an ionic interaction. The mechanism for the reaction of both the COOH- and NH2-terminal fragments of rhir appeared to involve two steps. When thrombin was reacted with the COOH-terminal fragment at high concentrations (greater than or equal to 6 microM), the bimolecular step occurred within the dead time of the spectrometer and only one intramolecular step, with a rate constant of 308 +/- 5 s-1 was observed. At concentrations of NH2-terminal fragment below 50 microM, its binding to thrombin appeared to be a bimolecular reaction with an association rate constant of 8.3 x 10(5) M-1 s-1. In the presence of saturating concentrations of the COOH-terminal fragment, a 1.7-fold increase in this rate constant was observed. At concentrations of NH2-terminal fragment greater than 50 microM, biphasic reaction traces were observed which suggests a two-step mechanism. By comparing the reaction amplitudes and dissociation constants observed with rhir and its COOH-terminal fragment, it was possible to obtain approximate estimates for the values of the rate constants of different steps in the formation of the rhir-thrombin complex.